Based on topological biology and structural biology, and combined the extensive quantum biology and general biological string, we propose that Calabi-Yau manifolds can provide a mathematical method to be applied to biology. Some Calabi-Yau spaces may possibly describe the biological spatial structures, in particular, in NeuroQuantology. In biology usual Calabi-Yau manifolds are also smaller and cannot be observed except microscope. It is used to superstring and brane, so may also describe some biological strings, and biological branes, etc. Further, this may combine the extensive graph theory, which includes five types of the basic elements: various solid lines, dotted lines, wavy lines, and vertices, fields. Variegated Calabi-Yau manifolds and superstring-branes correspond to multiformity of biological structures
there have some topological invariants, for example, Euler's numbers, topological charge, topological soliton, etc.
Based on a discussion of the topological physics, we introduced the general topological sciences, and researched string and its developments. Some new questions on superstring, and the emergence string and its mass formulas of particles are searched (Chang, 2015a) . In this paper, we propose that Calabi-Yau manifolds can provide a mathematical method to be applied to biology, in particular, in topological biology and structural biology. It may combine the extensive graph theory, and describe biological string-brane.
Topological Biology and Structural Biology
In 1950s Rashevsky (1954; 1955; 1956; 1958) discussed topological biology and its mathematical theorems. Topological biology includes graph-theoretical approach which suggests a number of combinatorial relations between number of organs and number of cell types, and set-theoretical approach which leads to a number of conclusions verified experimentally and predicts a number of new biological relations. In molecular biology there is DNA topology. Groves and Barford (1999) discussed topological characteristics of helical repeat proteins. Fried (2004) reviewed potential topological factors in radiation biology. The Central Dogma in evolutionary biology is intrinsically topological. Stadler (2004) discussed the topology of evolutionary biology. The topological structure of the phenotype space is determined by the genetic operators and their interplay with the properties of the genotypephenotype map. Von Heijne (2006) discussed membrane-protein topology and an exponentially growing number of high-resolution membraneprotein structures. Structural biology includes the structures of DNA and RNA, various structures and folding of proteins, and nucleic acid structure diversity and function, etc (Doyle et al., 1998; Thornton et al., 2000) . Second structures of proteins include helix,  -structure and reverse turn, etc. Ban et al., (2000) studied the complete atomic structure of the large ribosomal subunit. Zahn et al., (2000) investigated the three dimensional structure of the recombinant human prion protein, for example, Figure 1 and 2. Nucleic acids as the structural supports of genetic material, Belmont et al (2001) researched nucleic acid conformation diversity from structure to function and regulation. Anfinsen principle forms self-assembly theory of protein folding, for example, Anfinsen cage model, macromolecular crowding as an important but neglected aspect of the intracellular environment (Ellis, 2001) . In tertiary structures of some proteins there is not structure (Alam et al., 2002) . Quaternary structures of proteins include subunit assembly, macro-molecular assembly, microtubules and so on.
Akey
and Luger (2003) studied nucleoplasmin and molecular chaperones, which is similar with enzyme. Wickner, et al., (1999) researched posttranslational quality control, which over protein structure and function depends on molecular chaperones and proteases. It is namely an auto-control as Maxwell molecular demon. Hartl and Hayer-Hartl (2002) studied molecular chaperones in the cytosol. Paci and Kamplus (2000) searched structures of proteins described by external forces and temperature as the importance of topology and energetics. Saibil and Ranson (2002) Bon et al., (2008) presented a novel topological classification of RNA secondary structures based on the topological genus of the circular diagram associated to the RNA base-pair structure. The genus is a positive integer number; whose value quantifies the topological complexity of the folded RNA structure. They discussed possible applications of this classification and show how it can be used for identifying new RNA structural motifs. Nada and Zohny (2009) provided an important example for the application of relative topology in biology. The model develops an embryo from zygote until birth by using basic concepts in topology, namely relative subspaces, together with dynamical topology and folding. Babtie et al., (2014) developed a computational framework to systematically evaluate potentially vast sets of candidate differential equation models in light of experimental and prior knowledge about biological systems. This topological sensitivity analysis can evaluate quantitatively the dependence of model inferences and predictions on the assumed model structures.
The nonlinear Hodgkin-Huxley equations are the best model of neurons and neural network. At present a basic method for these equations is the qualitative analysis theory (Izhikevich, 2000) , whose results are mainly topological structures.
A metric space is a topological space satisfying distance function (Adams et al., 2007) :
and d(x,y)+d(y,z)≥d(x,z).
Brain deals with information in the metric space (Eccles, 1990) , and a unified model on listening (Konishi, 1993) and smelling may be constituted. It is known that the degeneracy exists in the nervous loop (Edelman, 1987) , in which nervous loops of different structures may produce the same function. The degeneracy of quantum mechanics is related with topology.
Based on the inseparability and correlativity of the biological systems, we researched the nonlinear whole biology and four basic hypotheses. It may unify reductionism and holism, structuralism and functionalism (Chang, 2012b) , and corresponds to the second genetic code with degeneracy and wholeness. At present there is the holistic cellular biology. Wuthrich et al., (1983) discussed pseudo-structures for the 20 common amino acids in protein conformations by measurements of intramolecular proton-proton distance constraints with nuclear magnetic resonance.
We proposed the extensive quantum biology, in which the formulations are the same with the quantum mechanics and only quantum constant h is different (Chang, 2012a) . Further, the loop quantum theory, which constitutes a very small discontinuous space, as new method is applied to biology. From this we proposed the model of protein folding and lungs, and applied some known results, and obtain four approximate conclusions (Chang, 2012b) . DNA is an important basis of molecular biology (Micklos et al., 2003) . It is well-known that the model of DNA is a double helical structure. Its basic elements are A-T and G-C. There is structural genomics, which has four elements (A, G, T and C). Assume that quantum elements of double helical structure DNA are A-T and G-C. We proposed the extensive quantum theory of DNA, and its many mathematical methods may be applied to DNA and molecular biology. From this we discussed symmetry and supersymmetry of DNA, and the quantum theory and equations of DNA, in particular, the SU(2) gauge theory and some solutions of equation. Some solutions and functions of these theories may describe probably DNA, biological things and their motions (Chang, 2014a) . Further, based on the extensive quantum theory of biology and NeuroQuantology, the Schrödinger equation with the linear potential may become the Bessel equation. Its solutions are Bessel functions, and may form the double helical structure of DNA in three dimensional spaces. From this model we predicted the discrete bound energy spectrum of DNA. Moreover, we discussed some solutions of quantum mechanics and their meaning (Chang, 2015b).
Calabi-Yau Manifolds and Possible Applications in Biology
It is well-known that biology possesses very abundance and diversity. Difficulty of biological description consists in different levels from organs (brain and lung, etc.) to cell, protein, DNA and molecular biology, in which a finite space of three-dimension has various very complex spatial structures, which determine specialized different eISSN 1303-5150 www.neuroquantology.com 468 functions for big or small biological systems. For example, if DNA in a human cell is stretched out, it will be approximately 2 meters long. But all of DNA requires organization in order to fit into a compartment of approximately 10 micro-meters in length.
Weeks (2002) researched generally the shape of space. In biology the shape space may describe DNA, RNA and general genomic systems (Fontana et al., 1998; Cupal et al., 2000; Stadler et al., 2001) . In biological systems there are various knots, links and kinks, etc. It may be related with the loop quantum theory.
Calabi-Yau manifold (Calabi-Yau space) is a special type of manifold that is described in certain branches of mathematics such as algebraic geometry. Calabi-Yau manifolds are already applied to theoretical physics. Particularly in superstring theory, the extra dimensions of space-time are sometimes conjectured to take the form of a 6-dimensional Calabi-Yau manifold.
We discussed the extensive quantum biology, the loop quantum theory in biology and general biological string (Chang, 2012a; 2012b; 2014a) . At present, superstring and loop gravity are two developed focus of quantum theory. Based on these discussions and topological biology, we propose that Calabi-Yau manifold may possibly provide a mathematical method for this biological character. Some Calabi-Yau spaces may describe these spatial structures, for example, some organs, cells, virus, cancer, and protein conformations, etc.
Calabi-Yau manifolds are complex manifolds that are higher-dimensional analogues of K3 surfaces. A Calabi-Yau manifold of (complex) dimension n is sometimes defined as a compact n-dimensional Kähler manifold M satisfying one of the following equivalent conditions: 1) The canonical bundle of M is trivial. 2) M has a holomorphic n-form that vanishes nowhere.
3) The structure group of M can be reduced from U(n) to SU(n). 4) M has a Kähler metric with global holonomy contained in SU(n). These conditions imply that the first integral Chern class 1 c (M) of M vanishes, but the converse is not true. The simplest examples are hyperelliptic surfaces, and finite quotients of a complex torus of complex dimension 2, which have vanishing first integral Chern class but non-trivial canonical bundle. A one-dimensional Calabi-Yau manifold is a complex elliptic curve (Yau, 1977; 1978; 1979; 1985; 1986; . Calabi-Yau manifolds may have various shapes as Figure 3 . We propose that these may correspond to protein folding, DNA turns round and so on in biology. 3-fold (real dimension 6) leaves one quarter of the original supersymmetry unbroken if the holonomy is the full SU(3). Essentially, Calabi-Yau manifolds are shapes that satisfy the requirement of space for the six "unseen" spatial dimensions of string theory. A popular alternative known as large extra dimensions, which often occurs in braneworld models, is that the Calabi-Yau is large but we are confined to a small subset on which it intersects a D-brane. These may combine the string theory of DNA and general biological string proposed by me (Chang, 2014a). Moreover, in biology usual Calabi-Yau manifolds are also smaller and cannot be observed except microscope.
Bremermann and Thieme (1989) discussed a competitive-exclusion principle for pathogen virulence. Many biological elements exist as pair, which may be possibly described by duality with the mirror symmetry. Calabi-Yau manifolds and some biological structures are possibly homeomorphic or topologically equivalent. Further, we should research the fundamental groups of biological classification according to topology and Calabi-Yau manifolds. The group is countable (Lee, 2000) . They may be classified by tree, tree-cycle, and tree-field (Chang, 2014b).
Many examples applied Calabi-Yau manifolds in physics may provide some models, which apply Calabi-Yau manifolds to biology, in particular, in topological biology and structural biology. Moreover, some shapes in biology are similar with Calabi-Yau manifolds, for example: 
Extensive Graph Theory in Biology and Biological String-Brane Theory
The simplified biological systems may apply topological graph theory (Gross et al., 1987) . We introduce the biological graph G=(V,E) and vertices number V, edges number E, faces F and cross number v(G), and corresponding Euler characteristic (Diestel 2000) :
Graph is generally in 3 R . Further, we extended the tree in the graph theory to a new tree-field representation, which includes two parts: tree and field. A field is a set of legion small trees. They can transform each other between tree and field. This is a unification of simplicity (tree) and complexity (field), and may be applied to various complex systems on science, politics, economy, philosophy and so on (Chang, 2014b (Chang, 2014c) . In the whole graph theory there is:
In topology they may belong to still vertices and edges.
We may apply the new extensive graph theory to the simplified biology. Bones are lines and tubes. Assume that cells correspond to fields, and various fibres correspond to different lines. The stomach is field, so intestine is line and 3-dimensional tube. For the neural systems and network, the simplest mathematical description is the graph. The new extensive graph may apply to various biological cases on more complexity, in which the cell body corresponds to fields, and axon, dendrite and synapse correspond to various lines. We proposed the string theory of DNA and general biological string (Chang, 2014a) . String is also a specific line for graph.
In the hypercycle theory Eigen (1973) discussed the origin of biological information, which is associated with selection and evolution at the molecular level that are processes of fundamentally stochastic nature. The mechanism of selection can be described by a deterministic theory, which essentially is based on three phenomenological parameters: two rate parameters and a quality factor. The dynamics of selection is described by a system of coupled differential equations. Here each cycle as a whole has self-enhancing growth properties, and these cycles possess intrinsically nonlinear reaction mechanism and construct nucleic acids and proteins, etc. The hypercycle is described by two sets of nonlinear differential equations, one for the information carriers and the others for the carriers of function. It is not a dead end, but leads to a new higher level of evolution, which may be identified with a primitive precursor of a bacterial cell. They are necessary prerequisites of life, and lead to self-organization of material systems. Then Eigen and Schuster (1979) developed the model of hypercycles, as a hypothetical stage of macromolecular evolution. They proposed that the process of molecular selforganization should be a hypercycle form: the reaction cycle, the catalysis cycle and the hypercycle. It is at least a cycle with three elements.
The hypercycle theory as a far-equilibrium open system combines competition and cooperation, and develops the Darwin principle. In hypercycle some representations have already similar with the vertex-field of graph theory. The hypercycle is a self-reproducing macromolecular system, in which RNAs and enzymes cooperate in Figure 7 (Eigen et al., 1979) . All E i are vertices, and all I i are fields, which may be still various hypercycles and other structures. Moreover, the macromolecules cooperate to provide primitive translation abilities, so the information is translated into enzymes, analogously to the usual translation processes in biological objects. The cyclic organization of the hypercycle ensures its structure stability. For effective competition, the different hypercycles should be placed in separate compartments. We proposed mathematically the matrix representations of the hypercycle theory (Chang, 2013) . Based on the graph theory, the eISSN 1303-5150 www.neuroquantology.com 471 connectivity number may define the hypercycle, the connectivity number is bigger, and higher is the hypercycle.
Further, assume that 1) the hypercycles are placed into coacervates (Oparin, 1968) ; 2) each coacervate includes only one type of the hypercycles; 3) any coacervate volume is proportional to the number of macromolecules inside it; 4) a translation process is much quicker than a replication one (the latter means that it is sufficient to consider the RNAs dynamics). The real very complex translation mechanism and unique genetic code be created during macromolecular self-organizing process are not solved finally. The hypercycle model should be developed, and it may describe neural circuits in brain.
Protein structures (Dickerson et al., 1969; Branden et al., 1999) have four levels from simplified primary and secondary to complex tertiary and quaternary structures. Leuther et al., (1999) studied three-dimensional structure of DNA-dependent protein kinase. Ellenberger, et al., (2001) studied structures of DNA polymerase and mutase. In the extensive quantum biology (Chang, 2012a) cell, virus, gene, DNA and neuron, etc., as the smallest live element in various levels are all biological extensive quantum. Tarlaci (2005) researched quantum brain dynamics, general quantum neurodynamics, quantum field theory and consciousness. Macgregor (2006) researched quantum mechanics and brain uncertainty.
Neurobiology applies widely quantum mechanics, and form a new word as NeuroQuantology. Tarlacı (2010a) proved necessity of quantum physics for cognitive neuroscience, and researched the probabilistic quantum thinking and obtained experimental results that are of basic significance in the fields of neuroscience and of psychology (Tarlacı, 2010b) . Erol (2010) researched basics and concise relations between Schrödinger wave equation and consciousness/mind. Khrennikov et al., (2014) searched the quantum model for psychological measure-ments from the projection postulate to interference of mental observables represented as positive operator valued measures. Grandpierre et al., (2014) proposed the universal principle of biology: determinism, quantum physics and spontaneity. Superstring contacts the differential topology. An important class of manifolds permitting N=1 supersymmetry in four dimension are the Calabi-Yau manifolds, Candelas et al., (1985) searched vacuum configurations for superstrings. Distler and Greene (1988) discussed some exact results on the superpotential from Calabi-Yau string compactifications. Gepner (1988) researched Yukawa couplings for Calabi-Yau string compactifications. Lerche et al., (1989) discussed chiral rings in N=2 superconformal theories. Greene et al., (1989) studied Calabi-Yau manifolds and renormalization group flows. Greene et al., (1990) space. Strominger et al., (1996) researched the mirror symmetry is T duality.
Marino and Moore (1999) evaluated the low energy coupling in a d=4, N=2 compactification of the heterotic string. The heterotic model has a dual Calabi-Yau compactification of the type II string. They compared the answer with the general form expected from curve-counting formulae with good agreement, and predicted some numbers of higher genus curves in a specific Calabi-Yau manifold. D' Auria et al., (2007) derived the complete supergravity description of the N=2 scalar potentials which realizes a generic flux-compactification on a Calabi-Yau manifold. The effective potential
mirror symmetric, i.e. invariant with respect to Sp(2h 2 +2)×Sp(2h 1 +2) and their exchange, here h 1 and h 2 are the complex dimensions of the special geometries. It is the supergravity formulation of mirror symmetry in generalized Calabi-Yau manifolds.
Generally, this method applied Calabi-Yau manifold to spring and the extensive graph theory may describe some biological strings, biological branes and so on, for instance, Variegated Calabi-Yau manifolds and superstring-branes correspond just to multiformity of biological structures.
We researched the entangled state of neurobiology by the extensive quantum method and the nonlinear theory. New experiments shown that the quantum entangled state should be a new fifth interaction, for its verification neuroscience will possibly take a very important role (Chang, 2015b).
Conclusion
The systems in biology are based on the simpler physics, and produce the structural complexity or the compositioal complexity, and form the functional complexity (Rescher, 1998) . We proposed the nonlinear whole biology and its basic laws, and the tree-field representation and the extensive graph (Chang, 2012b; 2014b, c) , which and Calabi-Yau manifolds may provide new mathematical methods to describe some biological complexities. General graph corresponds to simplified primary structures, and the extensive graph corresponds to higher complex structures. Three-dimensional spatial structures correspond to Calabi-Yau manifolds.
Moreover, Calabi-Yau manifolds may add different colors. It is also a new comparison in structural biology. Calabi-Yau manifolds may combine protein structure prediction and molecular dynamics simulations. Conversely, this research may provide a visualized application for reference to description of superstring and brane, because many natural phenomena possess selfsimilarity, for example, the Bohr atom model and the Solar system, etc.
